SUMMARY Electrophysiological studies in one patient with type B pre-excitation and dual A-V nodal pathway revealed several types of paroxysmal narr-ow QRS tachycardia (PSVT). One type of PSVT reflected antegrade fast A-V nodal pathway and retrograde anomalous pathway conduction. This PSVT was characterized by early retrograde activation of right atrial appendage, P following QRS and cycle length of 290 to 350 msec. A second PSVT reflected antegrade slow A-V nodal pathway and retrograde anomalous pathway conduc-MOST PATIENTS with A-V nodal re-entrant paroxysmal supraventricular tachycardia (PSVT) have discontinuous A-V nodal conduction curves suggesting dual (fast and slow) A-V nodal pathways."' The discontinuity in curves suggests that both fast and slow A-V nodal pathways are capable of antegrade conduction in these patients. The usual A-V nodal re-entrant paroxysmal tachycardia reflects antegrade slow pathway and retrograde fast pathway conduction.1-8 7' 9
MOST PATIENTS with A-V nodal re-entrant paroxysmal supraventricular tachycardia (PSVT) have discontinuous A-V nodal conduction curves suggesting dual (fast and slow) A-V nodal pathways."' The discontinuity in curves suggests that both fast and slow A-V nodal pathways are capable of antegrade conduction in these patients. The usual A-V nodal re-entrant paroxysmal tachycardia reflects antegrade slow pathway and retrograde fast pathway conduction.1-8 7 ' 9 In most patients with Wolff-Parkinson-White syndrome, PSVT is re-entrant utilizing the normal A-V pathway for antegrade conduction and an anomalous extranodal pathway (Kent bundle) for retrograde conduction.10' 11 If a patient with Wolff-Parkinson-White syndrome also had dual A-V nodal pathways, then several re-entrant loops might be possible. For example, antegrade conduction during PSVT could be via either fast or slow A-V nodal pathways. Such a patient might also have typical intra A-V nodal re-entrance (antegrade slow and retrograde fast pathway conduction).
In this study, we report one patient with Wolff-ParkinsonWhite syndrome, in whom three electrophysiologically distinct paroxysmal tachycardias were demonstrated; the first, characterized by antegrade fast pathway and retrograde anomalous pathway conduction; the second, by antegrade slow pathway and retrograde anomalous pathway conduction; and the third, by antegrade slow pathway and retro-tion. This PSVT was characterized by early retrograde activation of right atrial appendage, P following QRS, and cycle length of 440 msec. A third PSVT reflected A-V nodal re-entrance with antograde slow pathway and retrograde fast pathway conduction. This PSVT was characterized by normal retrograde atrial activation sequences, P simultaneous with QRS, and cycle length of 320 msec. All PSVT inductions could be explained in terms of antegrade and retrograde properties of fast and slow A-V nodal and anomalous pathways.
grade fast pathway conduction. We believe this to be the first documented report of the coexistence of dual A-V nodal pathways and the Wolff-Parkinson-White syndrome, in which three different types of re-entrant paroxysmal tachycardias were observed to occur in the same patient.
Methods
Electrophysiological studies were performed in a patient with Wolff-Parkinson-White syndrome. All drugs were discontinued 48 hours prior to the study. Informed consent was obtained. A tripolar electrode catheter was percutaneously introduced into the right femoral vein and placed at the tricuspid valve for recording of His bundle and low right septal atrial electrograms.12 A quadripolar electrode catheter was introduced into the left femoral vein and advanced to the high lateral right atrium and positioned at the superior vena caval right atrial junction, for both stimulation and recording. A V-A interval was 100 msec at ventricular paced rates of 100 to 180 beats/min. Ventricular extrastimulus testing was performed at a driven cycle length of 500 msec. As V1-V2 coupling intervals were decreased from 480 to 260 msec, A1-A2 intervals decreased from 480 to 260 msec, while V-A intervals remained unchanged. The ventricular functional refractory period limited V-A conduction.
Three types of PSVT were observed during the study: PSVT #1 (table 1, figs. 1, 2B and 2C) was characterized by a cycle length of 290 to 350 msec, an A-H interval of 140 to 180 msec, a V-A interval of 110 msec, and a retrograde P wave following the QRS complex. Mapping of atrial activation during PSVT #1 revealed earliest atrial activation at the right atrial appendage ( fig. 3) . PSVT #1 was reproducibly induced during coupled atrial stimulation (cycle length of 545 msec) at A,-A2 intervals of 320 to 290 msec. QRS complexes conducted with incomplete right bundle branch block during PSVT #1 were accompanied by a 40 msec increase in V-A time, also suggesting retrograde conduction via a right-sided anomalous pathway (figs. 2B and 2C).'5-'7 The outer limit of the zone of induction coincided with the anomalous pathway effective refractory period, the inner limit with the fast pathway effective refractory period. Ventricular extra- The evidence for A-V nodal re-entrance as a mechanism of this PSVT was a) the simultaneous occurrence of the atrial echo and the ventricular depolarization, suggesting that the ventricles were not a necessary part of the re-entry,20' 25 b) demonstration of the necessity of critical A-H for PSVT induction,28 27 c) the change in atrial activation sequence, with early activation of the low septal right atrial electrogram,24 and d) the second discontinuity of the conduction curve (sudden increase in A2-H2).
Discussion
Current evidence suggests that patients with the WolffParkinson-White syndrome have extranodal anomalous pathways that bypass the normal conduction system.10 28. 29 The existence of a dual A-V conduction system (normal and anomalous pathway) with dissimilar electrophysiological properties predisposes to re-entrant supraventricular tachycardias. PSVT in patients with pre-excitation is often initiated by an atrial premature beat which blocks in the anomalous pathway, conducting antegradely through the normal pathway and returning to the atria via the anomalous pathway. This allows initiation of circus movement tachycardia characterized by narrow QRS complexes.'0 Less commonly, the anomalous pathway is used as the antegrade limb and the normal pathway as the retrograde limb of the re-entrant circuit, resulting in a wide QRS tachycardia.28
In patients without Wolff-Parkinson-White syndrome, the because of the occurrence of atrial echoes at a time when the initiating atrial impulse had simultaneously blocked in the anomalous pathway and distal to H. In contrast to our case, antegrade conduction during PSVT was via the anomalous pathway. In the second type of PSVT, antegrade conduction occurred via the normal pathway with a left bundle branch block pattern and returned to the atria via the anomalous pathway. The findings in this case were interpreted by Denes and Rosen-3 to be suggestive of dual A-V nodal pathways, and bear some resemblance to the present reported case. 20 Although ventricular extrastimulus testing was not performed during PSVT #2, the identical V-A time, the retrograde P at the termination of the QRS, and similar atrial activation sequence were supportive evidence for retrograde conduction via the anomalous pathway.
Both PSVT #1 and #2 were characterized by antegrade conduction via the normal pathway. A-V nodal antegrade conduction was characteristic of dual A-V nodal pathways. This allowed both fast and slow PSVT, depending upon which pathway was utilized for antegrade conduction. The electrophysiological characteristics suggestive of dual A-V nodal pathway were: 1) discontinuous A-V nodal conduction curves,'9 2) PSVT with different antegrade conduction times (A-H intervals) (table 1), 3 ) intra A-V nodal re-entrant PSVT (PSVT #3) with P waves occurring simultaneously with QRS during PSVT.20 24, 25 It has been demonstrated that changes in the cycle length of PSVT in patients with Wolff-Parkinson-White syndrome can occur when ipsilateral functional bundle branch block develops, reflecting an increase in the anatomic size of the circus movement. 15-7 Recently, Denes et 
